INTRODUCTION
The genus Geranium L. contains about 400 species that are distributed in temperate and tropical regions of the world (AEDO et al., 1998) . These species are annual, biennial or perennial plants. The annual species are commonly small-flowered, selfing weedy colonizers of disturbed habitats, while the outcrossing perennial species have showy flowers (FIZ et al., 2008) . More than 260 Geranium species are cultivated. Many species can hybridize and produce fertile hybrids. For example, Geranium 'Brookside', a superb, long-flowering garden plant is a hybrid between G. clarkei and G. pratense.
G. x cantabrigiense, is a hybrid between G. macrorrhizum and G. dalmaticum. It makes an excellent groundcover and produce pink to white flowers (YEO, 2001) .
Some of the Geranium species are of medicinal value and used as antidiabetic, hemostatic, antihemorrhoidal, and antidiarrheal (BAYTOP, 1999; BATE-SMITH, 1973) . These species were used as a remedy for tonsillitis, cough, whooping cough, urticaria, dysentery, pain, fevers, and gastrointestinal ailments (CALZADA, 2005) .
The genus Geranium is divided into three subgenera: subgen. Erodioidea (Picard) Yeo, subgen. Robertium (Picard) Rouy, and subgen. Geranium (YEO, 1984) .
G. purpureum (Subgenus Robertium Picard; section Ruberta Dumortier.) is a leafy annual or biennial plant, grows in height up to 30-65 cm (occasionally more). It is branched at base, and bright or dark green, sometimes slightly reddish-tinged in color. The plant is fragile, with a strong disagreeable smell. Different geographical populations of this species show morphological variations, particularly in growth habit (erect or prostrate) and the amount of hairs in different parts (YEO, 1973) .
For G. purpureum and G. robertianum Van Loon (1984b) reported, respectively, 2n = 32 and 2n = 64 and as Baker found 2n = 64 of G. robertianum, Yeo (1985) states that reports of chromosome numbers of 32 for G. robertianum are in need of substantiation (the closely related and similar G. purpureum has a chromosome number of 32). In Iran, G. purpureum occurs in different habitats as rocky or stony places, on cliffs, dry hills and hedgebanks or in stabilized areas at the rear of shingle beaches of northern and north-western parts (up to 1500 m.) (PARSA, 1951; WIGGINTON, 1999) .
Taxonomic controversy exits about the rank of G. purpureum and G. robertianum. Some authors consider them as two different species, or two different subspecies, while, some authors consider G. purpureum as a subspecies or variety of G. robertianum (RADLEY, 1994; YEO, 2003) . Population genetic studies produce information about the species genetic variability, gene flow, inbreeding versus outbreeding, effective population size and population bottleneck. These data are helpful in choosing effective management in conservative strategies (ELLIS and BURKE, 2007) , and also through light on the presence of infra-specific taxonomic forms (SHEIDAI et al., 2014) .
G. purpureum exhibits great extent of morphological variability, and form many geographical populations in Iran. These geographical populations have variable eco-geographical features, some of which are in close vicinity, while some others are distributed in distant regions. We have no information on genetic variability, gene flow and genetic structure of G. purpureum populations. Moreover, due to extensive morphological variability of this species in the country, there is possibility of having infra-specific taxonomic forms in this species. Therefore, we carried out population genetic analysis and morphometric study of 15 geographical populations for the first time in the country.
For genetic study, we used ISSR (Inter-simple sequence repeats). These molecular markers are highly reproducible, cheap, easy to work and are known to be efficient in population genetic diversity studies and species or infra-specific taxonomic delineation (SHEIDAI et al., 2012 (SHEIDAI et al., , 2013 (SHEIDAI et al., , 2014 .
MATERIALS AND METHODS

Plant materials
In present study 82 plant samples were collected from 15 geographical populations. Different references were used for the correct identification of species (G. purpureum), (DAVIS, 1967; SCHÖNBECK-TEMESY, 1970; ZOHARY, 1972; AEDO et al., 1998; JANIGHORBAN, 2009 ). Details of sampling sites are mentioned (Table 1, Fig.1 ). Voucher specimens are deposited in Herbarium of Shahid Beheshti University (HSBU). 
DNA extraction and ISSR assay
Fresh leaves were used randomly from 5-10 plants in each of the studied populations. These were dried by silica gel powder. CTAB activated charcoal protocol was used to extract genomic DNA (SHEIDAI et al., 2013) . The quality of extracted DNA was examined by running on 0.8% agarose gel. 10 ISSR primers; (AGC) 5GT, (CA) 7GT, (AGC) 5GG, UBC 810, (CA) 7AT, (GA) 9C, UBC 807, UBC 811, (GA) 9T and (GT) 7CA commercialized by UBC (the University of British Columbia) were used. PCR reactions were carried in a 25μl volume containing 10 mM Tris-HCl buffer at pH 8; 50 mM KCl; 1.5 mM MgCl2; 0.2 mM of each dNTP (Bioron, Germany); 0.2 μM of a single primer; 20 ng genomic DNA and 3 U of Taq DNA polymerase (Bioron, Germany). The amplifications , reactions were performed in Techne thermocycler (Germany) with the following program: 5Min initial denaturation step 94°C, followed by 40 cycles of 1min at 94°C; 1 min at 52-57°C and 2 min at 72°C. The reaction was completed by final extension step of 7-10 min at 72°C. The amplification products were observed by running on 1% agarose gel, followed by the ethidium bromide staining. The fragment size was estimated by using a 100 bp molecular size ladder (Fermentas, Germany).
Data analyses Morphological studies
In total 80 morphological (42qualitative, 38 quantitative) characters were studied. Five plant specimens were randomly studied for morphological analyses (Table 2) .
Morphological characters were first standardized (Mean = 0, Variance = 1) and used to establish Euclidean distance among pairs of taxa (PODANI, 2000) . For grouping of the plant specimens, The UPGMA (Unweighted paired group using average) and Ward (Minimum spherical characters) as well as ordination methods of MDS (Multidimensional scaling) and PCoA (Principal coordinate analysis) were used (PODANI, 2000) . ANOVA (Analysis of variance) were performed to show morphological difference among the populations while, PCA (Principal components analysis) biplot was used to identify the most variable morphological characters among the studied populations (PODANI, 2000) . PAST version 2.17 (HAMMER et al., 2012) was used for multivariate statistical analyses of morphological data. 
Molecular analyses
ISSR bands obtained were coded as binary characters (presence = 1, absence = 0) and used for genetic diversity analysis. Parameter like Nei's gene diversity (H), Shannon information index (I), number of effective alleles, and percentage of polymorphism were determined (WEISING et al, 2005; FREELAND et al., 2011) .
Nei's genetic distance among populations was used for Neighbor Joining (NJ) clustering and Neighbor-Net networking (FREELAND et al., 2011; HUSON and BRYANT, 2006) . Mantel test checked the correlation between geographical and genetic distance of the studied populations (PODANI, 2000) . These analyses were done by PAST ver. 2.17 (HAMER et al., 2012) VAN TIENDEREN, 2004) were used to show genetic difference of the populations. Moreover, populations , genetic differentiation was studied by G'ST est = standardized measure of genetic differentiation (HEDRICK, 2005) , and D_est = Jost measure of differentiation (JOST, 2008) .
The genetic structure of populations was studied by Bayesian based model STRUCTURE analysis (PRITCHARD et al., 2000) , and maximum likelihood-based method of K-Means clustering of GenoDive ver. 2. (2013). For STRUCTURE analysis, data were scored as dominant markers (FALUSH et al., 2007) . The Evanno test was performed on STRUCTURE result to determine proper number of K by using delta K value (EVANNO et al., 2005) . In K-Means clustering, two summary statistics, pseudo-F, and Bayesian Information Criterion (BIC), provide the best fit for k (MEIRMANS, 2012) .
We used latent factor mixed models (LFMM) (FRICHOT et al., 2013) that tests correlations between environmental and genetic variation while estimating the effects of population structure. The analysis was done by LFMM program Version: 1.2 (2013). 
Populations
, genetic diversity Genetic diversity parameters determined in 15 geographical populations of G. purpureum are presented in Table 3 . The highest value of percentage polymorphism (56.47%) was observed in Gilan, Bandar Anzali, (population No.2) which shows high value for gene diversity (0.192). and Shanon , information index (0.289). Population Gilan, Road side Bandar Anzali (No.8) has the lowest value for percentage of polymorphism (4.71%) and the lowest value for Shanon, information index (0.027), and He (0.019).
Population genetic differentiation
AMOVA (PhiPT = 0.49, P = 0.010), and Gst analysis (0.599, p = 0.001) revealed significant difference among the studied populations. It also revealed that, 40% of total genetic variability was due to within population diversity and 59% was due to among population genetic differentiation. Pairwise AMOVA produced significant difference among the studied populations. Moreover, we got high values for Hedrick standardized fixation index after 999 permutation (G'st = 0.615, P = 0.001) and Jost, differentiation index (D-est = 0.231, P = 0.001). These results indicate that the geographical populations of G. purpureum are genetically differentiated from each other. Populations , genetic affinity NJ tree and Neighbor-Net network produced similar results therefore only Neighbor-Net network is presented and discussed (Fig. 2) . We have almost complete separation of the studied population in the network, supporting AMOVA result. The populations 1 and 2 are distinct and stand separate from the other populations with great distance. The populations 3 and 4, as well as populations 5 and 6 show closer genetic affinity and are placed close to each other.
Genetic divergence and separation of populations 1-4, as well as 7 and 8 from the other populations is evident in PCoA plot of ISSR data after 900 permutations (Fig.3) . The other populations showed close genetic affinity. Mantel test after 5000 permutations produced significant correlation between genetic distance and geographical distance in these populations (r = 0.28, P = 0.002). Therefore, the populations that are geographically more distant have less amount of gene flow, and we have isolation by distance (IBD) in G. purpureum. 
Populations genetic structure
K-Means clustering (Table 4) showed k = 8 according to pseudo-F and k = 14 according to BIC. K = 14 is in agreement with NJ grouping and AMOVA. K = 8 reveal the presence of 8 genetic group. Similar result was obtained by Evanno test performed on STRUCTURE analysis which produced a major peak at k = 8 (Fig.4) . Both these analyses revealed that G. purpureum populations show genetic stratification.
STRUCTURE plot based on k = 8, revealed genetic difference of populations 1 and 2 (differently colored), as well as 7 and 8. But it showed genetic affinity between populations 3 and 4 (similarly colored), populations 5 and 6, as well as populations 9-12 and populations 13-15. The mean Nm = 0.22 was obtained for all ISSR loci, which indicates low amount of gene flow among the populations and supports genetic stratification as indicated by K-Means and STRUCTURE analyses. Population assignment test also agreed with Nm result and could not identify significant gene flow among these populations. However, reticulogram obtained based on the least square method (Fig. 5) , revealed some amount of shared alleles among populations 3 and 4, and between 2 and 15 and 13, also between 7, 8, and 9. This result is in agreement with grouping we obtained with PCoA plot, as these populations were placed close to each other. As evidenced by STRUCTURE plot based on admixture model, these shared alleles comprise very limited part of the genomes in these populations and all these results are in agreement in showing high degree of genetic stratification within G. purpureum populations. In total 82 ISSR bands (loci) were obtained, out of which 13 bands were private. Populations 1-5, 8, 11 and 13 contained 1-4 private bands. LFMM analysis revealed that 14 out of 85 ISSR loci had >1.1 -log 10 value > 1 (P <0.01) and may be considered as adaptive loci. Some of these loci had low Nm value <1, for example ISSR loci 34-36, 48, 67, 70, 73, 76, 78, 79, 83, and 84 and are less exchanged among populations. However, some loci like ISSR loci 59 and 61 had nm >1. Therefore, both ISSR loci that were partly shared by these populations and loci with lower admixture value/ private alleles were used by G. purpureum plants to adapt to their environment.
Morphometric analyses
In present study 82 plant samples were collected from 15 geographical populations. ANOVA test revealed significant difference in quantitative morphological characters among the studied populations (P < 0.05). Clustering and PCA plot of G. purpureum populations based on morphological characters produced similar results therefore only PCA plot is presented and discussed (Fig. 6) . The result showed morphological difference/ divergence among most of the studied populations. This morphological difference was due to quantitative characters only. For example, character (Basal leaf of petiole length), separated population No. 1, character (Bract length) separated population No. 3, while character pedicel length, separated populations 6 and 7 from the other populations.
A consensus tree was obtained for both ISSR and morphological trees (Fig. 7) , to reveal the populations that are diverged based on both morphological and molecular features. Interesting enough, it showed divergence of almost all populations at molecular level as well as morphological characteristics. Detailed comparison of the characteristics in these populations revealed that, for example, population No. 1, has the longest peduncle length (46 mm), the highest bract length (1.32 mm), and the largest ratio of length/width of sepal (4.2 mm), among the studied populations. Similarly, population No. 5 had, the longest stem-leaf length (30 mm) and the broadest basal-leaf width (60 mm). Population No. 8 had, the narrowest stipule width (0.5 mm), and the highest ratio of stipule length/width. Fig. 6 . PCA plot of G. purpureum populations based on morphological characters. Fig. 7 . Consensus tree of morphological and molecular data in G. purpureum populations.
DISCUSSION
Population genetic study provides valuable information about genetic structure of plants, the stratification versus gene flow among the species populations, genetic divergence of the populations, etc. (SHEIDAI et al., 2014) . These information have different applications, and from pure understanding of biology of the species to conservation of endangered species, choosing of proper parents for hybridization and breeding and phylogeography and mechanism of invasion (FREELAND et al., 2011) . Geranium purpureum is of wide spread in our country and it has several medicinal applications (PROESTOS et al., 2006) , however we had no information on its genetic structure and detailed taxonomic information. The present study revealed interesting data about its genetic variability, genetic stratification and morphological divergence in north part of Iran. The studied populations had low to moderate level of genetic diversity. The Genetic diversity is of fundamental importance in the continuity of a species as it is used to bring about the necessary adaptation to the cope with changes in the environment (ÇALIŞKAN, 2012; SHEIDAI et al., 2013 SHEIDAI et al., , 2014 . Degree of genetic variability within a species is highly correlated with its reproductive mode, the higher degree of open pollination/ cross breeding brings about higher level of genetic variability in the studied taxon (FREELAND et al., 2011) . Geranium purpureum is mainly selfpollinating species (BAKER, 1955) , therefore, low level of genetic variability within populations in this species might be related to the closer nature of breeding in this taxon.
Another well-known feature of self-pollinating species is high among-population genetic and morphological divergence. This happens due to limited amount of gene flow or its complete absence among geographical population in a single species (FREELAND et al., 2011) . The present study also revealed significant morphological and genetic difference among Geranium purpureum populations, quite in agreement with the mentioned assumption. This is particularly supported by STRUCTURE plot that identified 8 separate genetic groups within this populations and by consensus tree of both morphological and genetic data. Different mechanisms like isolation, drift, founder effects and local selection may act to bring about among population differentiation and therefore, populations differ in phenotypic traits and allelic composition (JOLIVET and BERNASCONI, 2007) . We should state that, the studied populations differed in quantitative morphological characters and we do not know how much of the morphological difference among the studied populations is genetically controlled; they may be under influence of environmental conditions. Therefore we do not attempt to suggest new taxonomic forms bellow the species level for this taxon and consider them as different ecotypes only.
The present population divergence may be under influence of isolation-by distance across the distribution range of the studied G. purpureum populations. The dispersal of these populations might be constrained by distance and gene flow is most likely to occur between neighboring populations. As a result, more closely situated populations tend to be more genetically similar to one another (SLATKIN, 1993; HUTCHISON and TEMPLETON, 1999; MEDRANO and HERRERA, 2008) .
The populations , divergence may be accompanied by local adaptation. When we use multilocus molecular markers (such as SSR, AFLP, RAPD, ISSR, etc.) for population genetic studies we understand that these are neutral molecular markers (they are not directly acting as adaptive genes), but they may be linked to a gene or a genetic region with adaptive value (FREELAND et al., 2011) . The LFMM analysis in present study revealed that some of the genetic loci were significantly correlated with the studied environmental features and possibly are adaptive and may be used by local populations to adapt to their environment. Therefore, combination of genetic divergence, limited gene flow and local adaptation have played role in diversification of G. purpureum population in the country.
